Abstract Religion and body weight was explored at two time points among overweight and obese African-American adults. Baseline and follow-up data were collected from 26 adults participating in a weight loss intervention and analyzed using multiple regression analyses of religious measures, body weight, and other variables. Frequent church attendance was significantly associated with greater weight lost from baseline to 16-week follow-up. In this exploratory study, religious interactions and experiences may be involved in shaping body weight among African-Americans attempting to lose weight.
Introduction
Research about religion and health generally reports significant relationships between multiple dimensions of religion and better health (Hummer et al. 1999; McCullough et al. 2000; Powell et al. 2003; Strawbridge et al. 2001) , although the literature has also documented religion's deleterious associations with health (Kim and Koenig 2007) . In the context of these findings, a growing number of studies have examined religion's relationship with body weight (Koenig et al. 2012) .
It is difficult to infer causal relationships between religion and health measures. Religion may be associated with body weight through behavioral, psychosocial, and theological mechanisms. Religious individuals have lower rates of smoking and drinking (Ellison and Levin 1998; Hummer et al. 1999; Sherkat and Ellison 1999) , which have associations (albeit mixed) with body weight (Chen et al. 1993; Flegal et al. 1995; Klesges et al. 1989; Liu et al. 1994; Suter et al. 1997 ). In a cross-sectional, national study of religion and body weight, smoking was a mediator in religion's direct relationship with body weight (Kim et al. 2003) . The differing dietary practices of some religions may also influence body weight (Fraser 1999; Kim and Sobal 2004) .
Stress and social support are potential psychosocial mediators in religion's relationship with body weight (Kim and Sobal 2004) . Religion helps some adherents cope with stress (Mickley et al. 1995) , and religious communities can offer positive support (Ellison and Levin 1998; Koenig et al. 1997a; Sherkat and Ellison 1999) . By offering positive social support and coping mechanisms for stress, religion may buffer those with higher body weight from stress-induced eating (Epel et al. 2001 ) and provide needed support for weight loss and maintenance (Parham 1993) . In contrast, religious communities' also may produce lack of support or negative support by making demands from their members that may increase stress, which may lead to higher weight and less successful weight loss attempts among overweight and obese adherents trying to lose weight. Negative religious coping through beliefs of God's abandonment and punishment may promote stress among adherents and deter weight loss efforts.
Components of religious theology that view the body as sacred and made in God's image (Coakly 1997; Synnott 1992 ) may also influence lower body weight through encouraging adherents to take better care of their health by having a healthy body weight, including overweight and obese adherents attempting to lose weight. Religion may also influence adherents' perception of control regarding body weight-related health behaviors (Debnam et al. 2012; Ellison and Levin 1998; Holt et al. 2015; Sherkat and Ellison 1999) . Belief in a relationship with a divine being who will help them become healthy may galvanize weight control efforts, particularly among those attempting to lose weight. Likewise, belief that God has control of their health despite their behavioral choices may deter weight control efforts and demotivate overweight and obese adherents attempting to lose weight (Chatters 2000; Debnam et al. 2012; Holt et al. 2015) .
Researchers have quantitatively surveyed adults about religion and body weight for at least 50 years (e.g., (Goldblatt et al. 1965) . Koenig et al. (2001) compiled 7 studies of religion and weight, and Koenig et al. (2012) compiled 29 studies of religion and weight for a total of 36 studies, and about half of those studies found assorted associations between several measures of religion and body weight. Most studies of religion and body weight have examined religious affiliation, often finding that members of some denominations were heavier than others (Kim et al. 2003) . Some studies have also examined religious involvement, with mixed findings (Cline and Ferraro 2006; Ferraro 1998) . Many aspects of relationships between religion and body weight remain to be examined.
Almost all of these studies were cross-sectional, with the few longitudinal studies reporting significant results (e.g., Cline and Ferraro 2006) . Although some of these previous studies analyzed large representative samples, there is a paucity of studies examining religion's relationship with body weight in underserved samples that are not necessarily represented, such as the rural, poor, and minority (Yeary et al. 2009 ). Further, to the authors' knowledge, there are no studies examining religion's relationships within religious populations attempting to lose weight, which may have important implications for obesity interventions in faith-based settings. More research is needed to better understand associations between the many dimensions of religion and body weight, particularly those including underserved populations such as African-Americans and those involving changes in body weight over time.
Therefore, the goal of this exploratory study is to contribute to knowledge about relationships between religion and body weight in an underserved sample that involves changes in body weight over time by examining multiple components and dimensions of religion and body weight and body weight changes among overweight and obese AfricanAmerican adults attempting to lose weight. We hypothesized the following: Given the most recent longitudinal study of religious attendance and body weight (Cline and Ferraro 2006) , we hypothesized that (1) higher levels of church attendance would be associated with lower baseline body weight and greater weight loss from baseline to follow-up. Based on the literature regarding the influences of stress and social support on body weight (Epel et al. 2001; Kim et al. 2009; Parham 1993) , and evidence of religion providing positive support and buffering stress (Kim and Koenig 2007) , we hypothesized that (2) higher levels of private religiousness, daily spiritual experiences, positive religious social support, and perceived sacredness of body would be associated with lower baseline body weight and greater weight loss from baseline to follow-up. Consistent with the literature regarding religion's potentially deleterious effects on health through increasing stress and providing negative support (Kim and Koenig 2007) , we also hypothesized that (3) negative religious social support (e.g., congregation made demands of you, were critical of you) and negative religious coping (e.g., questioning God's love, power) would be associated with higher baseline body weight and less weight loss from baseline to follow-up. Finally, we drew from the God and spiritual locus of control literature (Debnam et al. 2012; Holt et al. 2015) to hypothesize that (4) locus of control that entailed a passive approach (e.g., whatever happens in my health is in God's control) would be associated with higher baseline body weight and less weight loss from baseline to follow-up. We used secondary data analysis from an intervention study to explore these relationships between religion and body weight.
Methods
A preexisting data set was used for secondary data analysis to explore associations between religion and body weight among African-American adults. The data set was from a study that examined the feasibility of an evidence-based behavioral weight loss intervention that was culturally adapted for rural, African-American adults attending church (Yeary et al. 2011) .
Data Set
The data set included participants who were overweight [body mass index (BMI) C 25 kg/ m 2 ], African-American adults enrolled in a 16-week, evidence-based, behavioral weight loss program. The intervention was a cultural adaptation of the Diabetes Prevention Program (Group 2002) and focused on dietary and physical activity habits, with a strong emphasis on goal setting and problem solving to achieve successful behavior change (Wadden and Butryn 2003) . The intervention was implemented in three small AfricanAmerican churches in the Lower Mississippi Delta that together had a total of 172 members. Specific study methods and results regarding the intervention have been reported in detail elsewhere (Yeary et al. 2011) . Participants in this analysis were associated with one of the three African-American churches where similar numbers of people were recruited from each church (Church 1 participant n = 7, Church 2 participant n = 9, Church 3 participant n = 10), and a total of 26 participants enrolled in the study. A total of 22 of enrolled participants provided 16-week follow-up data. Dropouts did not significantly differ from non-dropouts in demographics or baseline BMI. Thus, a total of 26 participants were included for baseline data analyses and a total of 22 participants were included in analyses involving change in BMI from baseline to follow-up.
Measures
Members of the research team collected data at baseline and 16-week follow-up the following measures:
Body Weight Anthropometric measurements were collected from all participants at baseline and follow-up. Height was measured using a stadiometer. Weight was assessed with a Tanita scale (Jebb et al. 2000) . Body mass index (BMI) was calculated from dividing weight in kg by height in meters squared (Dalton 1997) . Other prior studies exploring religion's relationship with body weight have also conceptualized body weight as a continuous variable (e.g., Kim et al. 2003) . Weight change was calculated as the difference in weight between baseline and 16 weeks.
Church Attendance Church attendance is a common religion variable that has been used in religion and body weight analyses (Koenig et al. 2012) . Church attendance was assessed using an item from the Duke University Religion Index (DUREL) (Koenig et al. 1997b ). Subjects were asked how often they attended church or other religious meetings using response options ranging from 'Never' to 'More than once a week.' Given the high levels of religious attendance in the sample, religious attendance was coded as 'More than once a week' versus 'Once a week or less,' whereby subjects who reported attending religious services 'once a week' or 'more than once a week' were coded in the 'Once a week or more' category, and subjects reporting either 'Never,' 'Once a year or less,' or 'A few times a month,' coded in the 'Less than once a week a week category.'
Private Religiosity Private religiosity is also commonly assessed in the religion and body weight literature (Koenig et al. 2012) and was assessed using an item from the Duke University Religion Index (DUREL) (Koenig et al. 1997a ) that asked participants how often they spent time in prayer, meditation, or Bible Study. Responses ranged from 'Rarely or Never' to 'More than once a day.' Due to the high levels of private religious activity, private religious activity was coded as 'At least daily' versus 'Less than daily.'
Daily Spiritual Experiences Although measures used to assess private religiosity (e.g., prayer, Bible study, commitment) have been included in some examinations of religion and body weight, these private religiosity measures do not directly assess an adherent's interaction and relationship with the divine. Measures that directly assess one's interaction with the supernatural may be more strongly related to body weight as the intensity of a person's relationship with a divine being may be a source of support, self-efficacy, and control that may influence weight loss attempts (Kim and Koenig 2007) . Thus, daily spiritual experiences were assessed by the 8-item Daily Spiritual Experiences Scale (Underwood and Teresi 2002), which assesses the extent that one perceives and interacts with a supernatural reality in their day-to-day life. Examples of questions from the scale are 'how often do you feel God's presence?' and 'how often are you spiritually touched by the beauty of creation?', with Likert response options ranging from 'never or almost never' to 'many times a day.' The Cronbach's alpha was .83 for the total sample.
Religious Social Support Given that religion may be a provider of social support (Kim and Koenig 2007) and social support has been associated with body weight (Parham 1993) , four dimensions of religious social support (received, given, negative, and anticipated) were assessed using the 8-item religious social support scale by Krause and colleagues (Krause 1999) . Received social support (2 items) assessed the extent the subject reported receiving social support from their congregation. An example question is 'How often do the people in your congregation make you feel loved and cared for?' Cronbach's alpha for received social support was low (.39) for the total sample; thus, received social support was not included in the analyses. Given social support (2 items) assessed the extent the subject reported giving social support to their congregation. An example question is 'How often do you listen to the people in your congregation talk about their private problems and concerns?' Cronbach's alpha for given social support was .64 for the total sample. Negative social support (2 items) assessed the extent the subject reported the congregation being critical and demanding. An example question is 'How often do the people in your congregation make too many demands on you?' Cronbach's alpha for negative social support was .67 for the total sample. Anticipated social support (2 items) assessed the extent the subject reported anticipating social support from their congregation. An example question is 'If you were ill, how much would the people in your congregation be willing to help out?' Cronbach's alpha for anticipated social support was .88 for the total sample. The Likert response options for all religious social support items ranged from 'Never' to 'Very Often.'
Religious Coping Given the role of stress in body weight and religion's potential role in reducing or exacerbating stress (Kim and Koenig 2007) and some literature reporting significant relationships between religious coping and health behaviors (Allen et al. 2014) , the Brief RCOPE scale that assesses both positive and negative religious coping was included (Pargament et al. 2011 ). The 14-item scale asks participants how they coped with a recent negative event in their life and then are presented with a list of coping strategies. Thus, the scale focuses on situationally specific coping (i.e., a recent negative event) instead of dispositional coping. Positive religious coping refers to the positive use of religion (religion as eliciting positive emotions such as hope and perseverance) in coping situations, whereas negative religious coping refers to the negative use of religion (religion as eliciting negative emotions in the individual, such as anger and abandonment) in coping situations (Koenig et al. 2012) . Examples of positive religious coping strategies in the measure are prayer, looking for a stronger connection with God, and trying to put action plans together with God. Cronbach's alpha for positive religious coping (7 items) was .49 for the total sample. Given the low Cronbach's alpha, positive religious coping was not included in the analysis. Examples of negative coping strategies in the measure are feeling punished by God by lack of devotion, questioning God's love, and deciding the devil made the stressful event happen. Cronbach's alpha for negative religious coping (7 items) was .63 for the total sample. Likert response options for all religious coping items ranged from 'Not at all' to 'A great deal.'
Perceived Sacredness of the Body Adherents who perceive their body as sacred may have more motivation to have a healthy weight. Thus, perceived sacredness of the body was assessed through the 12-item Manifestation of God in the Body scale (Mahoney et al. 2005) . The measure assesses the extent participants perceive God to be connected to or expressed through their body (e.g., my body is a gift from God, my body is united with God, my body is an instrument of God). Likert response options ranged from 'Strongly Disagree' to 'Strongly Agree.' Cronbach's alpha for the Manifestation of God in the Body scale was .93 for the total sample.
Religious Locus of Control Given the associations between spiritual and God locus of control and weight-related health behaviors (Debnam et al. 2012; Holt et al. 2015; Karvinen and Carr 2014) , religious locus of control was assessed through two measures, the spiritual locus of control (Holt et al. 2003) and God locus of control (Wallston et al. 1999) scales. The 4-item Spiritual Locus of Control Scale assessed the extent participants drew upon God's strength to care for their own health (active) and the extent they relied on God to care for their health regardless of their actions (passive). An example item is 'If I lead a good spiritual life, I will stay healthy' with Likert response options ranging from 'Strongly disagree' to 'Strongly agree.' The 6-item God Locus of Control Scale asked subjects to what extent God determined their health. An example item is 'Whatever happens to my health is God's will,' with Likert response options ranging from 'Strongly disagree' to 'Strongly agree.' We conceptualized higher levels of God Locus of Control as higher levels of passive religious locus of control, whereby individuals relied on God for their health apart from their own behavior. Cronbach's alphas for Spiritual Locus of Control and God Locus of Control were .83 and .73 for the total sample, respectively.
Demographics Gender, age, education, employment, marital status, and income were also assessed using self-reported direct questions.
Statistical Analyses
All analyses were conducted using SAS statistical software (version 9.3). Descriptive statistics about the sample were generated. Pearson and Spearman correlations were calculated to explore potential associations with religion variables. Pearson correlations were conducted when both variables were continuous. Spearman correlations were conducted when one variable was categorical and the other variable was continuous. Partial Pearson and Spearman correlations were also calculated adjusting for gender and age. Baseline BMI was included as an additional covariate when calculating partial correlations that explored the association between change from baseline BMI and religious variables.
Unadjusted general linear regression models were used to examine cross-sectional and longitudinal relationships between religion and weight; additionally, adjusted models were conducted to examine these relationships while controlling for gender and age based on the literature about the social epidemiology of obesity (Cawley 2011) . Two sets of unadjusted and adjusted regression models were generated using each of the two dependent variables of interest: baseline body weight (BMI) and weight change (BMI change between pre-and post-intervention or BMI1-BMI2). Eleven individual religion variables at baseline were each independent variables in separate general linear regression models. Baseline BMI was also included as a covariate in models where weight change was the dependent variable of interest (Kim et al. 2008 (Kim et al. , 2009 ).
at least some college education, and the majority (69%) reported an income of less than $30,000 (see Table 1 ). The average baseline and follow-up BMI of the sample were in the category of being obese (baseline BMI: mean = 35.8, median = 34.3; follow-up BMI: mean = 35.1, median = 34.6; change from baseline BMI to follow-up BMI: mean = -.87, SD = 1.97, median = -.49, IQR = 2.31). A total of 100% of the participants in this sample was Black Protestant (Steensland et al. 2000) due to the purposive sampling of black churches in the context of the intervention study. The majority reported attending religious services at least once a week (62%), engaging in private religious activity (e.g., prayer, Bible reading) at least once a day (85%), and a mean of 40.5 daily spiritual experiences (max = 48). The people in the sample reported mean levels of religious social support received, given, and anticipated as 7.0, 6.9, and 7.3, respectively (max = 8). In contrast, the sample reported a mean of 4.0 of negative religious social support (max = 8). Participants reported mean values of 26.7 and 13.6 positive and negative coping, respectively (max = 28). The mean score for manifestation of the body was 79.1 for the sample (max = 84). The sample's means for active spiritual locus of control and passive spiritual locus of control were 8.3 and 9.1 (max = 10), respectively. The mean God locus of control was 24.6 (max = 36). Demographic characteristics were examined for associations with baseline religion and weight, and there was statistical trend in the correlation between age and religious social support given (r = .39; P = .05), supporting the inclusion of age and gender as controls in adjusted models (Cawley 2011) . All longitudinal models examining baseline religion and weight change controlled for baseline weight. Given the exploratory nature of the study, only correlations between independent and dependent variables are reported in Table 2 .
In regression models (Table 2) , negative religious social support at baseline was significantly related to baseline BMI, with higher levels of negative religious social support at baseline associated with higher BMI (P = .04). This relationship was no longer significant in the adjusted model (P = .06). There was no statistically significant relationship between negative religious coping at baseline and higher baseline BMI in the adjusted model only (P = .09).
In models examining religion with weight change, participants attending religious services at least once a week at baseline had greater weight loss compared to participants who attended religious services less than once a week (least squares (LS)-mean BMI change of 1.63 vs. -.47; P = .01) after controlling for baseline BMI. This relationship persisted when controlling for baseline BMI and demographics (P = .01), and had an R 2 of .36.
Discussion
In our small sample of overweight African-American adults attempting to lose weight, negative religious social support and coping were associated with higher BMI at baseline. Social support is a common component in behavioral weight loss programs and is recognized as an important factor in weight loss and maintenance (Parham 1993) . AfricanAmerican church-going adults who perceive their fellow congregation members as critical and too demanding may not seek out the support they need to be healthier and may eat more to cope with their fellow adherent's demands. Negative coping may also operate similarly, in that those who perceive God as abandoning them, punishing them, and not loving them may not draw strength from their faith to be healthier and cope with such perceptions of God through stress-induced eating. Given the cross-sectional nature of the association, reverse causality may be possible, with those experiencing weight problems potentially being more critical of themselves and thus perceive God and others more critically compared to those with lower body weight. Unmeasured third variables, such as neuroticism, may also be responsible for significant associations between negative religious coping and higher body weight. In addition to supporting our hypotheses regarding negative religiousness and higher body weight, these results are consistent with other cross-sectional studies that have reported religion's relationship with higher BMI (Ferraro 1998; Gillum and Ingram 2006; Kim et al. 2003) , although it should be noted that most other cross-sectional studies have not examined underserved samples, not surveyed rural populations, and did not examine weight change. It is unclear why specific negative religiousness measures (social support, coping) were associated with body weight whereas specific positive religiousness measures (social support) were not. Negative religious coping and social support may reflect lower levels or religious involvement, which is associated with beneficial health outcomes (Koenig et al. 2012) . Negative emotions elicited through the use of negative religious coping and experienced from negative religious support may also play a more powerful role in health outcomes, such as body weight, compared religious measures that elicit neutral or positive emotions. Regarding weight change, adults who reported attending religious services at least once a week lost more weight than those attending church less than once a week. In the context of trying to lose weight, adults attending church more frequently may have received more support to lose weight. However, religious social support variables were not significant in weight change analyses; thus, support through religious attendance is not a compelling explanatory hypothesis. Adults attending church more often may also be more likely to attend intervention meetings more often and those who were more engaged in the intervention lost more weight than those who were less engaged (Yeary et al. 2011) . However, in supplemental analyses where intervention attendance and demographics were controlled for in examining religious attendance's relationship with weight change, greater religious attendance at baseline was still significantly associated with greater weight loss over the course of the intervention. Religious attendance may indicate adherents who are motivated by their faith and translate this similar behavioral motivation of church attendance into health weight loss behavioral changes. Likewise, adherents who attend church more frequently may hold faith beliefs whereby their faith serves to empower change. Our results are consistent with Cline and Ferraro (2006) and support our hypothesis of greater religious attendance and greater weight loss over the course of the intervention.
Different religious variables were associated with baseline weight versus change in weight during the intervention. These results are consistent with Cline and Ferraro (2006) who reported significant relationships between some aspects of religion and body weight cross-sectionally that did not remain significant over time. There is also the possibility that our results are not very robust given the number of analyses; thus, replication of these analyses is needed.
Overall, very few aspects of religion were associated with baseline body weight and weight change over time. The null findings of the study may be due to the small sample size and should be examined further future studies of larger samples.
While this is not a typical longitudinal study because an intervention was involved, our results are consistent with some other longitudinal studies (i.e., Cline and Ferraro 2006) whereby religiosity is associated with higher body weight in cross-sectional analyses, and lower body weight in longitudinal analyses. Future longitudinal studies of religiosity and body weight are needed to more fully understand these relationships in a variety of ethnic groups.
Besides the restricted range of religiosity in the sample, several limitations must be kept in mind in interpreting the study's results. The study's small sample may have offered low statistical power that precluded the identification of meaningful effects between religion and body weight. Although the design included measures of body weight over time, the study also cannot provide strong evidence about the direction of causality. A future longitudinal study could better establish whether religion causes changes in body weight among overweight and obese adherents attempting to lose weight. Given that multiple aspects of religion were examined separately in their relationship to body weight without adjusting for multiple hypothesis testing, the findings should be interpreted in light of the exploratory nature of the study. The exploratory approach also merits caution in interpreting results, as the study's data are secondary and lack information regarding long-term change. There is also the potential confounding impact of the faith-based intervention on weight change, in that the faith-based aspect of the intervention may have influenced participants' religiosity, thus confounding examinations between religion and weight change. The relatively poor internal consistency measurements of religious given social support and negative religious coping are weaknesses as well. Further, the external validity of this study is limited to overweight and obese African-American adults in one Delta county attempting to lose weight.
The sample enrolled in the current study differed in meaningful ways from those studied in previous research exploring religion and body weight. The current sample consisted of African-American overweight and obese adults who had elected and were able to participate in an intensive weight loss program. These factors collectively or individually may have resulted in a sample more homogeneous than the samples studied by others. Further, the somewhat restricted range in baseline body weight within our sample may have precluded detection of cross-sectional relationships between baseline body weight and other variables. The null findings suggest that it may be useful to carefully consider weightspecific religion measures in future research.
To our knowledge, this is the first published study to assess the relationship between religion and body weight change specifically in an African-American sample. Broad generalization of study results must be tempered by consideration of the nature and size of the sample, which included only a small number of overweight, African-American adults. Nonetheless, the findings substantively advance current understandings about the crosssectional and longitudinal relationships between religion and body weight.
This exploratory study found that individuals who had negative religious coping and negative religious social support had higher body weights. Future studies examining negative religious coping and religious social support at baseline as a predictor of body weight are needed to further understand the role of negative religiousness in body weight. Greater religious attendance at baseline was also associated with greater weight loss over the course of the intervention. This suggests that experiencing religion, interactions through religion, and the social context of religious institutions may be involved in processes surrounding weight loss among adherents. Those attending church more often may experience their faith more saliently through behavioral action, which may translate to making behavioral weight loss changes. Likewise, attending church may magnify adherents' faith through collective worship and this increased faith may serve as a source of strength for adherents to make healthy changes. These findings need to be further investigated in larger and more diverse samples in future hypothesis-driven studies of the important topic of religion and weight.
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